Objective-To evaluate muscle pathology and clinical characteristics in patients with a myopathy and serum antibodies to the Jo-1 antigen (histidyl t-RNA synthetase). Background-Anti-Jo-1 antibodies occur in syndromes that may include muscle weakness and pain, Raynaud's phenomenon, interstitial lung disease, arthritis, and a skin rash diVerent from that seen in dermatomyositis. The muscle pathology is not well defined. Methods-Case series. Review of charts, muscle biopsies, and laboratory records. Features of myopathology in 11 patients with anti-Jo-1 antibody associated myopathies were compared with other types of inflammatory myopathies. Results-Myopathology in patients with anti-Jo-1 antibodies consistently included fragmentation of, and macrophage predominant inflammation in, perimysial connective tissue. Perifascicular myopathic changes, including atrophy, regenerating muscle fibres, and some muscle fibre necrosis, were most common in regions near the connective tissue pathology and were most prominent in patients with more severe weakness. Unlike many other inflammatory myopathies, inflammation in endomysial and perivascular regions was uncommon. By contrast with dermatomyositis, capillary density was normal. Conclusions-Myopathological changes in the anti-Jo-1 antibody syndrome include perimysial connective tissue fragmentation and inflammation, with muscle fibre pathology in neighbouring perifascicular regions. Myositis with anti-Jo-1 antibodies may result from an immune mediated disorder of connective tissue. (J Neurol Neurosurg Psychiatry 2000;68:472-478) 
Serum antibodies that bind to amino-acyl-t-RNA synthetases have been identified in the serum of 25% to 40% of adults with inflammatory myopathies.
1 2 The first to be discovered, and the commonest (15% to 30% of adults with polymyositis or dermatomyositis) of these antibodies, anti-Jo-1, is directed against histidyl t-RNA synthetase. 3 At least four other antisynthetase antibodies have been described. 2 The antisynthetase antibodies have specificity for clinically distinctive neuromuscular and systemic syndromes that include muscle weakness and pain, Raynaud's phenomenon, interstitial lung disease, arthritis, and skin disorders. 4 Some patients present with isolated features, such as myositis or interstitial lung disease alone. 5 Despite numerous clinical studies of antisynthetase antibody associated syndromes, there is little information regarding features of the muscle histopathology in these patients. We evaluated the clinical characteristics and pathological features of muscle in 11 patients who were found to be anti-Jo-1 antibody positive during evaluation of their myopathy. We compared the myopathological changes with those found in other acquired inflammatory myopathies.
Patients and methods

CLINICAL DATA
Logs and computerised records from BarnesJewish Hospital in St Louis, Missouri were searched for patients with serum anti-Jo-1 antibodies during the period 1993 to the end of May 1998. Of the 16 patients with anti-Jo-1 antibodies, muscle biopsies were available in 11 from the neuromuscular pathology laboratory at Washington University School of Medicine. All biopsies were obtained before the start of treatment. Clinical data in the 11 patients (table 1) were obtained by chart review. All 11 patients had proximal weakness, progressive over a period of less than a year, muscle pain, and myopathic changes with inflammation on muscle biopsy. Most had an increased serum creatine kinase. For comparison, we also evaluated 37 consecutive biopsies that were examined in our pathology laboratory between 1993 and March 1997, with pathological diagnoses of active inflammatory myopathy (dermatomyositis (n=18) and polymyositis (n=19)), other than inclusion body myositis (table 2; pathology series). We also evaluated muscle pathology in eight patients with inclusion body myositis and five patients with fasciitis, who were evaluated in the Washington University Neuromuscular Clinic. In these groups the diagnosis was based on both clinical and pathological features. The patients with inclusion body myositis were evaluated and diagnosed between 1993 and 1997. They all had characteristic clinical, laboratory, and pathological features of the disease, including an inflammatory myopathy characterised by mononuclear invasion of non-necrotic muscle fibres and vacuolated (rimmed) fibres. 6 Vacuoles were associated with amyloid deposits identified by Congo red stain in four of the eight biopsies (50%). Patients with fasciitis had diagnoses of eosinophilia myalgia (two), fasciitis in the setting of a systemic connective tissue disease (two), and eosinophilic fasciitis (one). Two control groups of consecutive patients evaluated in our clinic were obtained after the initial analysis of anti-Jo-1 antibody associated biopsies (table 2; clinical+pathology series). Testing for anti-Jo-1 antibodies was performed in 11 patients who were diagnosed, based on both clinical and pathological features, with definite polymyositis. 7 Three patients (Nos 9-11) had positive tests for anti-Jo-1 antibodies (table 1) . Of the eight patients with polymyositis and negative testing for antibodies to Jo-1, four had associated systemic disorders (connective tissue disease (three); breast cancer (one)), and two had an excess of cytochrome oxidase negative muscle fibres on muscle biopsy. A second control group consisted of eight consecutive patients with a clinical and pathological diagnosis of definite dermatomyositis biopsies (table 2; clinical+pathology  series). 7 Anti-Jo-1 antibodies were negative in the seven patients in this group for whom serum testing was performed.
LABORATORY DATA Cryostat sections of rapidly frozen muscle were processed in a standard fashion. 8 9 The muscle DiVerent from Anti-Jo-1 myositis: *p<0.05; **p<0.02 ***; p<0.01; †p<0.001. ‡Myopathic changes: muscle fibre necrosis or regeneration §Capillary index (mean (SE)): Capillaries/1000 µm 2 muscle fibre area; normal =0.85 (0.02). COX−=cytochrome oxidase negative. pathologist (AP) was blinded to the status of anti-Jo-1 antibodies in the serum at the time of biopsy interpretation. Immunocytochemistry was performed in the 11 biopsies from patients with anti-Jo-1 antibodies using standard protocols for CD68, CD3, and C5b-9 (membrane attack complex (MAC)) antigens, and for Ulex europaeus agglutinin I (UEA-I) (Sigma; St Louis, MO, USA) binding to capillaries using peroxidase conjugated secondary antibodies (Sigma; St Louis, MO, USA). 10 11 Assays for anti-Jo-1 antibodies were usually performed by the Oklahoma Medical Research Foundation (Oklahoma City, OK, USA) using immunoprecipitation methodology.
12 Three serum samples were tested at Mayo Clinical Laboratories (Rochester, MN, USA).
DATA ANALYSIS
Light microscope images from regions chosen for quantitative analysis were stored digitally (Pax-it!, Midwest Information Systems), and evaluated manually. The abundance of capillaries was evaluated by measurements of the number of capillaries/1000 µm 2 of muscle fibre area (capillary index). 11 Fisher's exact and Mann-Whitney rank sum tests were used to calculate the statistical significance of diVerences between groups.
Results
CLINICAL CHARACTERISTICS OF PATIENTS WITH
ANTI-JO-1 ANTIBODIES (TABLE 1) The ages of onset of weakness in the 11 patients with serum anti-Jo-1 antibodies ranged from 18 to 63 years with a mean of 46 years. Ten were women. All had a history of pain, stiVness, and proximal weakness. Dyspnoea and chronic cough were noted by three patients. On examination all patients had proximal, symmetric weakness involving upper and lower limbs. Weakness was relatively severe (MRC grades of 3 or less in some muscles) in four patients (1, 2, 4, and 11). Skin abnormalities (skin rash or mechanic's hands) and Raynaud's phenomenon were found in three patients each. On laboratory testing four patients had a mild anaemia. None had eosinophilia. Serum creatine kinase was increased in nine of 11 patients, ranging from 110 to 35 000 IU/l. Only one patient had an antinuclear antibody (ANA) greater than 1:80 (patient 1; 1:5120). Electromyography in all nine patients tested showed an irritable myopathy (small amplitude, brief action potentials, and increased insertional activity, such as fibrillation potentials and positive sharp waves). Pulmonary function testing showed restrictive disease in two of the three patients tested. The nine patients who were treated with prednisone had symptomatic benefit. In two patients the disease relapsed after tapering of the steroid. Two patients died during the study period, one of intracerebral haemorrhage after antithrombotic therapy, and the other from pulmonary disease.
MUSCLE PATHOLOGY IN PATIENTS WITH ANTI-JO-1 ANTIBODIES (TABLES 1-3, FIGS 1-4)
Muscle biopsies from all 11 patients with antiJo-1 antibodies contained regions of fragmented, rarefied perimysial connective tissue (fig 1) . Inflammatory cells were predominantly located in the perimysial connective tissue (fig  2) , especially the fragmented regions. Inflammation was less common in endomysial (two of 11; 18%; p=0.003) and perivascular (one of 11; 9%; p<0.001) regions of muscle. Many perimysial inflammatory cells were prominently stained by markers for histiocytes (acid phosphatase and esterase), and macrophages (CD68) (figs 1 and 2). Rare focal cellular accumulations in the perimysium were a mixed population, containing lymphocytes and some macrophages, but few eosinophils.
Muscle fibre atrophy, regeneration (basophilic staining with haematoxylin and eosin, or intermediate colour on ATPase, pH 4.3), and some necrosis (diVuse pale staining and a hyaline appearance on haematoxylin and eosin), occurred in perifascicular regions in most biopsies (fig 3) , but could also be seen more diVusely. In two patients 18% and 22% of muscle fibres in the biopsy were necrotic. Diffuse staining of regions of perimysial connective tissue for alkaline phosphatase (fig 1 E) was common (10 of 11; 91%), but staining of small vessels was not (one of 11; 9%). Muscle fibres lacking cytochrome oxidase staining were only present in one patient. Focal cellular invasion of intact muscle fibres was uncommon in antiJo-1 antibody-associated myositis (two of 11; 18%). The mean capillary index, 0.88 (SD 0.16), in anti-Jo-1 antibody associated myositis was similar to control muscle, 0.85 (SD 0.02) (table 2, fig 4) .
PATHOLOGY IN OTHER ACQUIRED INFLAMMATORY
DISORDERS
In both dermatomyositis and polymyositis patients the pathological changes were similar in the pathology series and in the prospective 
(A) Rarefied and fragmented perimysial connective tissue containing inflammatory cells with prominent cytoplasm. Most cells are probably macrophages (haemotoxylin and eosin stain; ×200; bar=32 µm). (B) High power view of rarefied and fragmented perimysial connective tissue containing inflammatory cells (haemotoxylin and eosin stain; ×410; bar=16 µm). (C) Normal perimysium (haemotoxylin and eosin stain; ×230; bar=28 µM); (D) High power view of normal perimysium (×460; bar=14 µM); (E) Perimysial connective tissue in a muscle biopsy from a patient with anti-Jo-1 antibodies stains diVusely for alkaline phosphatase (×200; bar=32 µm); (F) Perimysial connective tissue in a normal muscle biopsy shows no staining for alkaline phosphatase (×200; bar=32 µm).
distribution of pathology in polymyositis (0%; 0 of 27; p<0.001 v anti-Jo-1 pathology). Inflammation was commonly focused around vessels (67%; 18 of 27; p=0.003) and in the endomysium (70%; 19 of 27; p=0.005), but only occasionally diVusely in the perimysium (22%; six of 27; p<0.001). In the perimysium, connective tissue fragmentation and rarefaction (15%; four of 27; p<0.001) and alkaline phosphatase staining (41%; 11 of 27; p=0.01) were less common in polymyositis than in the anti-Jo-1 group. An excess (>3%) of cytochrome oxidase negative muscle fibres, distributed in a scattered pattern through the muscle, was found in 33% (nine of 27; p=0.04). All nine of the patients with polymyositis and scattered cytochrome oxidase negative muscle fibres had a clinical syndrome of selective quadriceps weakness early in their disease course, as previously described. 8 The mean capillary index in Jo-1 negative polymyositis muscles, 0.95 (SD 0.10), was similar to that in controls.
OTHER INFLAMMATORY DISORDERS
Muscle biopsies from patients with inclusion body myositis had, by definition, frequent focal cellular invasion of muscle fibres and endomysial inflammation (100%; eight of eight; p<0.001 v anti-Jo-1 pathology), and rimmed vacuoles. Perimysial inflammation and connective tissue fragmentation, and perifascicular muscle fibre atrophy, did not occur (p<0.001). Patients with fasciitis were the only control group that commonly had selective perimysial inflammation (100%; five of five) and connective tissue fragmentation (60%; three of five) in a pattern similar to anti-Jo-1 myositis. However, by contrast with patients with anti-Jo-1 antibodies, muscle fibre pathology was uncommon (20%; one of five; p<0.01) in the fasciitis group. The mean capillary index in fasciits muscles, 0.88 (SD 0.13), was similar to that of controls.
Discussion
The Jo-1 antigen, histidyl-t-RNA synthetase, is a cytoplasmic protein that is usually located in a speckled pattern on ANA testing using HEp-2 cells. 3 13-16 Anti-Jo-1 antibodies are associated with clinical syndromes that most commonly present in the spring, and variably include weakness with an inflammatory myopathy, interstitial lung disease, skin changes (mechanic's hands, Raynaud's phenomena), non-erosive seronegative arthritis of the hands, and fever. 4 5 17-21 Muscle weakness may respond to imunosuppressive therapy, but there is a high mortality related to the systemic involvement. [22] [23] [24] [25] Our patients with serum antiJo-1 antibodies all had some of the typical features of this syndrome (table 1) . Signs of skeletal muscle involvement (proximal weakness and myalgias) were especially common due to our method of selecting cases for analysis. Weakness often improved after treatment with corticosteroids, but two of our 11 patients died within 2 years of disease onset, consistent with reports of a poor prognosis for many with this syndrome. 4 Compared with classic polymyositis or dermatomyositis, one distinguishing feature in two patients was the nature of the skin lesions, which were hyperkeratotic, fissuring, and hyperpigmented (mechanic's hands), rather than the relatively flat, scaling erythematous rash in typical dermatomyositis. A second distinguishing feature in two patients was prominent interstitial lung disease, a syndrome not commonly associated with other inflammatory myopathies. In most of our patients, however, the clinical features, with myalgias and proximal weakness, and electrophysiological features, irritable myopathy, of the patients with anti-Jo-1 antibody associated myositis (table 1) , were similar to typical polymyositis.
Two diVerent pathological patterns are generally described in the inflammatory myopathies (table 3) . In polymyositis and inclusion body myositis syndromes endomysial mononuclear cell infiltration and focal invasion of muscle fibres are common, 26 27 and were found in our patients (tables 2 and 3). Additional pathological features in some patients with myositis, such as cytochrome oxidase negative muscle fibres 8 or inclusion bodies, 27 probably define subgroups of inflammatory myopathy. In dermatomyositis the most distinctive pathological change is perifascicular localisation of muscle fibre pathology. 27 28 This abnormality is generally ascribed to an immune attack on muscle microvasculature with resulting muscle ischaemia. 27 28 The perifascicular myopathic muscle fibres with reduced or absent cytochrome oxidase activity in dermatomyositis (table 2) probably result from this ischaemia. Perivascular inflammation may be especially apparent when immune myopathies occur in the setting of a systemic connective tissue disease. 29 Inflammation around moderate sized vessels was found in most of our patients with dermatomyositis, polymyositis, and inflammatory myopathies with negative anti-Jo-1 serology (table 2) .
The muscle biopsy findings in patients with anti-Jo-1 antibodies diVered from pathological patterns in dermatomyositis, polymyositis, and inclusion body myositis (tables 2 and 3). One prominent and distinctive feature of anti-Jo-1 biopsies (p<0.001 v other groups) was the high frequency of macrophage predominant inflammation in, and fragmentation of, perimysial connective tissue (figs 1 and 2). The fragmentation was manifest as multifocal pale staining and rarefaction of perimysial connective tissue on haematoxylin and eosin, modified Gomori trichrome, and Verhof van Giesson stains. Focal small loculations and frequent large nucleated cells (macrophages) diVerentiated the pathological fragmentation from the preparation artifact that can be seen in perimysium when a muscle biopsy is pulled apart during preparation. Further evidence of connective tissue pathology in patients with anti-Jo-1 antibodies was the frequent (91%) alkaline phosphatase staining of the perimysium (fig 1 E) . Another notable feature of anti-Jo-1 biopsies was the paucity of vascular pathology. Capillary density (index) was normal, by contrast with the reduction found in dermatomyositis (fig 4) . Alkaline phosphatase staining of small vessels was also less common (p=0.004) in patients with anti-Jo-1 antibodies(9%) compared with dermatomyositis (58%). Perivascular inflammation was found in only 13% of anti-Jo-1 biopsies compared with 68% in other inflammatory myopathies (p<0.001). None of the eight anti-Jo-1 biopsies studied had evidence of membrane attack complex deposition on microvasculature (data not shown). As in dermatomyositis, muscle fibre pathology, such as atrophy, degeneration and regeneration, was usually most abundant in regions near perimysial connective tissue. However, myopathic muscle fibres in perifascicular regions of anti-Jo-1 biopsies usually had normal cytochrome oxidase staining compared with most (62%) dermatomyositis biopsies having fibres with abnormal cytochrome oxidase staining (p<0.001).
The pathology in perimysial connective tissue in patients with anti-Jo-1 antibodies was similar to that seen with fasciitis in this series, and in previous reports. 30 31 However, anti-Jo-1 syndromes diVer from most of the previously described inflammatory disorders involving muscle fascia. Eosinophilic fasciitis is characterised by eosinophilia, and painful swelling and induration of the skin.
14 In systemic sclerosis there is marked thickening of the skin and a pattern of ANA results that diVers from that usually found in patients with anti-Jo-1 antibodies. 30 A pathological contrast to antiJo-1 syndromes was that biopsies from our patients with fasciitis usually had little muscle fibre pathology. Fascial pathology without myopathy might also be found in muscle from patients with anti-Jo-1 antibody syndromes that are not associated with weakness. 5 No such patients were included in our pathology series.
We conclude that the muscle pathology in anti-Jo-1 antibody associated myositis includes prominent involvement of perimysial connective tissue. This change is commonly accompanied by variable degrees of atrophy, regeneration, or necrosis of neighbouring perifascicular muscle fibres. Our data suggest that anti-Jo-1 associated myositis is an immune syndrome with pathological, as well as clinical, 4 21 32 distinctions from the classically described changes in other major classes of inflammatory myopathy, including dermatomyositis, polymyositis, and inclusion body myositis. Systemic involvement of connective tissue with antigenic similarities to perimysium could explain the coexistence of muscular, interstitial lung, joint, and skin disorders in many patients with anti-Jo-1 syndromes. The finding of prominent perimysial connective tissue involvement in patients with acquired inflammatory myopathy syndromes should prompt a search for serum antisynthetase antibodies, and careful monitoring of pulmonary function and chest imaging, as lung involvement is one of the features that contributes to the high morbidity of the anti-Jo-1 syndrome.
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